(1) Species Stemflow yield varies due to species-specific differences in morphological characteristics (e.g. canopy structure, tree form, and bark texture). Table 1 summarizes field observation data from previous Japanese forest studies. The highest ratios for stemflow to gross rainfall (Sf/Gr) for coniferous trees in Table 1 To quantitatively estimate interception loss in a forest, Suzuki et al. (1979) measured gross rainfall, throughfall, and stemflow in a variety of vegetation cover sites. Stemflow volume was almost identical between cypress and red pinecypress mixed stands. The ratio of stemflow to gross rainfall was 10-12 % in both stands.
Generally, the stemflow yield of broad leaved trees is larger than found in coniferous trees (The editing committee of Forest Hydrology, 2007). Masukata et al. (1990) Crockford and Richardson (2000) documented that the angle of wind-driven precipitation significantly affected stemflow yield. As rain angle to the ground surface is closely related to wind velocity (Crockford and Richardson, 1990) , this study also supports the observation that stemflow volume has a positive correlation to wind velocity. These results indicate that wind velocity is an important controlling factor of stemflow yield.
(3) DBH and stand density
In general, stemflow studies have been conducted on a plot scale or by individual trees.
However, the determining factor of stemflow yield is different between these studies. In this section, the relationship between stemflow yield and DBH and/or stand density in coniferous tree studies was reviewed. Kuraji et al. (1997) ). The outcome of their study was interesting considering the results of Kuraji et al. (1997) . Tanaka et al. (2005) considered this phenomenon to be caused by the difference in stand densities between the C. japonica (513 trees ha -1 ) and C.obtusa plots (923 trees ha -1 ). Generally, cypress is planted on ridges while cedar is sited in valleys due to the ecological characteristics of each species. Sites on the upper slopes of ridge areas are poor in fertility whereas richer on the middle slopes and valley areas.
Therefore, cedar trees in valley areas with good soil water levels grow quicker than similar age cypress trees, consequently, the cedar stand density is smaller as a result of tree thinning.
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IKAWA thinning, the amount of throughfall increased whereas stemflow and interception decreased in a C. obtusa stand. For that reason, it is reasonable that the stemflow volume of C. obtusa stand was larger than the C. japonica stand. From these studies, stemflow volume depends on DBH for individual tree studies and stand density for plot research.
Stemflow generation from understor y trees
Vegetation is classified between upper-story and understory vegetation within a forest ( Moreover, stemflow volume from understory trees is variable according to each forest stand.
Therefore, additional investigation is necessary to explore the stemflow contribution from understory trees to the forest stand.
III. Stemflow chemistr y
Stemflow chemistry has been investigated by many researchers from perspectives ranging from nutrient cycling in forest ecosystems to the effect of acidic deposition on forest environments (Stevens et al., 1989; Anderson, 1991; Fan et al., 1999; Liu et al., 2004) . The quantitative contribution of nutrient input to the forest floor by stemflow is much smaller than from throughfall (Parker, 1983; Crockford and Richardson, 1990; Owen et al., 2003; Sase et al., 2007) . However, because of localized infiltration/percolation, stemflow plays an important role in the physical and chemical properties of soil around the stems of trees (Gesper and Holowaychuk, 1971) .
Therefore, in this chapter, characteristics and formation mechanism of stemflow chemistry were reviewed. Chemical component data for Japanese forest studies are summarized in Table 2 .
pH and electric conductivity (EC)
As a general rule, stemflow pH values for coniferous species are lower than for hardwood species (Takenaka and Sasama, 2000) . In particular, IKAWA Japanese cypress (C. obtusa) tends to have a higher acidity than other tree species (Sassa et al., 1991; Takenaka and Sasama, 2000) . Furthermore, these pH values are lower than the average pH (4.8) value of rainwater in Japan (Table 2 ). This indicates that there is an additional source of acidification in stemflow. Therefore, it is important to understand the stemflow chemistry of Japanese cedar (C. japonica) and Japanese cypress (C.
obtusa), which are the most popular species for forest plantation, in terms of plantation management.
To clarify the mechanisms associated with formation of the strong acidity in stemflow, Nakanishi et al. (2001) analyzed the pH tendency in the stemflow of Japanese cedars based on annual observation. They collected bulk deposition, throughfall, and stemflow for every rainfall from July 1995 to June 1996 in two adjacent forest
stands (Cryptomeria japonica and Pasania ediulis).
In addition, they conducted an extensive chemical analysis of stemflow collected from widely distributed sites all around Japan. The bulk and wet deposition, throughfall, and stemflow were sampled at 26 sites (of which 13 sites were located in Japanese cedar plantations) in June and September 1998 from Hokkaido to Okinawa. All samples were analyzed for pH, electric conductivity (EC), and ion concentrations. Based on the annual observation, there was no significant difference in the throughfall pH from the two forest stands, however, the stemflow pH of C. japonica was significantly lower than that of P. ediulis. From the extensive analysis, the stemflow pH of C. japonica was significantly lower than gross rainfall and throughfall, and was also significantly lower than broad-leaved species during the sampling period.
The authors considered the low stemflow pH to be particular to Japanese cedar. ). This mechanism is similar to the stemflow studies of other tree species reported by Fan et al. (1999) and Takenaka and Sasama (2000) .
Japanese cypress (C. obtusa) also has a highly acidic stemflow. Takenaka and Sasama (2000) performed artificial stemflow experiments to investigate acidification. The last step appears to be the most critical in the acidification process. The formation mechanism for pH of stemflow is clarified in these studies.
In many studies, the EC value in the stemflow was higher than gross rainfall and throughfall (Table 2 ). This is due to wash out of dry deposition 
Ion concentrations
In many studies, stemflow has been attributed as a local input source of nutrients and an important factor of acidification to forest soil. For all chemical species in throughfall and stemflow, ion concentrations at the urban site were higher than observed at the suburban/rural site (Table 2) . Moreover, the ratio (urban site/ rural site) of NO3 -of both components was much larger than any of the other species. This is due to the difference of potential acidity between urban and rural sites (Aikawa et al., 2004) and deposition velocity between HNO3 (gas) and SO2 (gas) (Matsuda et al., 2001) . Chiwa et al. (2003) reported that concentrations of nitrate (NO3 -+ NH4 + ) and sulfate depositions were higher in the urban-facing sites than those in the mountainfacing sites. In most cases, NO3 -is absorbed from gross rainfall by canopy and stems (Eaton et al., 1973; Parker, 1983; Leonardi and Fluckiger, 1987; Sakai et al., 2004) . Sulfate is also a dominant constituent anion, much like nitrate, therefore, stemflow is greatly enriched with SO4 2-. Most of the added chemical species in intercepted precipitation is derived from dry deposition rather than from leached metabolites (Fan et al., 1999) .
To examine the influence of dry deposition to the soil, Sakai (2005) , can be leached from the canopy (Lovett et al., 1985) . Therefore, contribution of stemflow to the flux of TF + SF was relatively small, especially for the leaching of K + . In addition, older leaves may have a greater potential for leaching of K + than younger leaves due to differences in leaf surface properties and leaf wettability.
Isotopic components
Isotopic components are frequently employed to understand water and material cycles in nature, especially hydrogen and oxygen isotopic compositions which are used as tracers for various hydrological phenomenon. Kubota and Tsuboyama (2003) reported that the oxygen isotopic composition in stemflow is higher than that for throughfall, but they did not Åberg (1995) proposed that stable isotopes of Sr can be used as a proxy for Ca, owing to the similar geochemical behaviors of the two elements. Nakano et al. (2001) investigated the Sr isotopic relationship between gross rainfall and plants. Itoh et al. (2007) estimated the source of Pb accumulated in the ecosystem of Japanese cedar forest using a Pb isotope. Furthermore, Nakano et al. (2006) conducted the determination of seasonal and regional variations in the presence of dissolved cations in rainfall based on Sr and Pb isotopes.
However, a study applying these isotopes for stemflow study does not exist. These isotopes can be used for clarifying the relationship between stemflow and soil chemistry.
IV. Concluding remarks
Our goal is to understand stemflow characteristics in the hydrological environment and to propose future studies based on present knowledge and by summarizing stemflow generation and chemistry from previous studies in Japan.
For stemflow generation, yield closely related to tree species, wind velocity (rain angle), amount of rainfall, DBH, and stand density. In particular, stemflow volume increased with increasing amount of rainfall regardless of the species and story level of the tree. Stemflow volume depends on DBH for individual tree studies in contrast to plot studies for which stemflow volume is dependent on stand density. In the future, it would be necessary to consider the influence of stand density as well as DBH to evaluate stemflow contributions on a forested catchment scale. Furthermore, the impact of understory stemflow is poorly understood in the literature (Levia and Frost, 2003 Finally, the knowledge gained by combining an understanding of stemflow generation and the chemical properties of stemflow is very important to the study of forest hydrology and ecology. In addition, the body of work also has applicability to forest management. Studies show that stemflow effectively contributes to groundwater recharge in terms of electrical resistivity tomography (Ohsumi, 2004MS) and soil water content (Liang et al., 196 IKAWA 2006) . In secondary plantation forests, stand density is higher than found in natural forests.
Consequently, the total stemflow volume is larger than in a natural forest. If excessive chemical loads to the forest floor could be controlled then stemflow could become a good source of groundwater recharge. However, a few studies exist that quantitatively evaluates the hydrological stemflow contribution to groundwater recharge and runoff process at the watershed scale.
Further study using a quantitative evaluation at a watershed scale should be conducted to establish the availability of stemflow in a water environment.
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